INTRODUCTION
In studies whose aim is to correlate electrode surface structure with , . .;\ electrochemical phenomena (e.g. oxidation-reduction kinetics, electrocatalysis, metal deposition, etc.) it is necessary to begin experimentation with an electrode surface of known structure. It is natural, therefore, to consider the use of ultra-high vacuum (UHV) techniques such as argon ion sputtering/high temperature annealing for surface preparation and Low Energy Electron Diffraction (LEED) for surface characterization. A number of laboratories have already developed UHV systems that facilitate preparation and subsequent electrochemical studies of well-defined single crystal electrodes [1-4J. For definitive studies of single crystal electrodes, it is not possible to use a single crystal electrode that has been cut to expose a particular crystallographic face, polish it mechanically and electrochemically and conclude· that the electrochemistry observed is representative of the surface having the equilibrium structure for the chosen orientation. It has been shown in prior studies [5, 6J that ~ situ electrochemical treatment to "clean" the surface such as by anodic cycling alters the surface structure from the one intended for study. In addition to anodic restructuring, there is the additional complication in the case of the electrochemically interesting Group VIII noble metals (especially Au and Pt) that the equilibrium clean surface structures are not regular terminations of the bulk structure (reconstructed) [7- 10J. Au is the most extreme example of this, where even the Au (111) surface is reconstructed.
-2-In the case of the Au (111) surface, it has been sho~n that careful preparation of the surface yields an outermost atomic layer that is not commensurate with the bulk structure [11, 12] . The LEED patterns obtained from this surface are characterized by three-fold symmetry and integral-order beams (in the normal (lx1) pattern) surrounded by hexagonal arrays of additional reflections aligned along <110>. The real-space structure that gives rise to this LEED pattern should be regarded as the equilibrium clean Au (111) surface structure. This surface is the natural starting surface for single crystal electrochemical studies. If clean conditions can be maintained during transfer of the crystal to the electrochemical environment from UHV, potentiodynamic cleaning is precluded and uncertainty about structural alteration due to electrochemical "cleaning" is red~ced. In this way the potential for preserving the equilibrium surface configuration will be optimized.
In this communication, we report observations of the UHV structure of Au (111) crystals prepared in our laboratory, the characteristic vo1tammetry for this surface, and the stability of the UHV structure to anodic cycling. We show that it can be very difficult to obtain a well-defined surface structure on Au (111) crystals, and we suggest that most reports with Au single-crystals that have appeared in the 1iterature_ cannot be regarded as representative of known (well-defined) surface structures. electropolished (in cyanide [13] ) following detailed instructions from Zehner [14] . Following electropolishing, the crystals were mounted on Ta heating blocks on the UHV sample transfer probe. The UHV/electrochemistry system has been described in detail previously [3] . The crystal was transferred into the UHV chamber/holder, where the surface was subjected to the usual ion bombardment/thermal annealing cycles. Surface cleanliness was monitored by Auger electron spectroscopy and surface structure was determined using LEED.
RESULTS AND DISCUSSION
Early studies with LEED of the Au (111) surface have suggested that this surface exhibits its normal bulk-like atomic arrangements [15, 16] .
However, the published LEED photographs obtained during these studies exhibit large areas of intensity at the integral order reflection positions instead of sharp spots indicating that a poorly ordered outermost atomic layer existed. In these cases, inadequate surface preparation was likely.
More recently, LEED patterns indicating a reconstructed Au (111) surface were reported by Zehner and Wendelken [12] , which were obtained after argon In our own work with the Au (111) single crystal surface, we have achieved LEED patterns that show (Fig. 2 ) additional reflections about the integral spots. However, the LEED patterns obtained after the first few sputtering/annealing cycles do not show additional reflections, but rather diffuse integral beam spots. In fact, the surface could have easily been mistaken as a result for a (lx1) structure (albeit a poor one). The patterns did improve with additional UHV treatments. The reconstruction was most easily attainable after the sputtered surface had been cycled oxidatively in dilute HF and returned to UHV for additional sputtering and annealing. We were not able to obtain the fine detail around the integral beams that were obtained by Zehner. We attribute this to deficiencies in our Varian LEED gun, which has too much angular dispersion to produce the coherence in the diffracted beams required for the large unit cells of the We have concluded that mechanically polished Au (lll) crystals do not give rise to any well-ordered surface structures.
E1ectrochemists, using Au single crystal electrodes, usually report that the surfaces were prepared by mechanical, electropo1ish, and thermal annealing. In one study [19J, a LEED system was used to determine the Hamelin, but we suggest that different atomic arrangements were present on surfaces of the same nominal orientation. In our case, the voltammetry was representative of a well-ordered Au surface having one of the incommensurate overlayer structures sugested by Van Hove, et a1. [18] . In
Hamelin's case, the atomic arrangement was undetermined, but from our ex~erience with Au (111) surfaces we have found that Hamelin's surface preparation usually produc~s a composite structure rather than a single well-ordered structure. We, therefore, suggest that detailed structure-property relations based on observations with single crystals of indeterminate surface structure are premature. With the evolution of LEED/electrochemistry systems, there may evolve a set of criteria by which one can deduce from some electrochemical property, e.g. the vo1tammetry
"signature", what the surface structure must be. That criteria has, however, not yet evolved, and these results with Au (111), with its unexpected incommensurate over1ayer surface structure, show how much research has to be done to derive these criteria. 
